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[3§w<t>&^3 e p i Rm^Rzf-ztizmm tfz^m^mw 
mmm<omm] 

ummi] rmmmm, cmrmiii, ±ummmmnr~mmzti 

gieMt^ttU:> KT^^mMo#<^ (111) M^tL, 

Hui£CMR^4^iiiio^ B H H fi<7)#<^\ mmr^mmmm<D (1 1 d s 
zmmrn t -r & ^mm^i±.^mm w k j. \£ ? * -> l £ - t t -r 

£ E P I R *^-o 

[1*^23 runrnm, cmrmiii, iMW&mnmxmmzix 

tzm^^-f <2>E P I R|K^-5t> 
pjf Str H ^ t: ? * v ^ ;p ]& ft L , 

E&ISeHMt^ (100) p , (110) p , (111) pO^-ftL^ 1 o-e& 
^^^^#fti;i-^EP I R«T-o 

m*&3] ri&mmm, cmrpiii, ±ummm<nM-cmmzti 

ltT^«m®il<7)^< ^ (ill) @£ft£^U 

itfiacMRtw^M/iois H B H *ico#<^\ mmTU&mnmmv) (m)i 
^j&n l/:cmr mm mm (Dm^m^mmm^m t:ii^is B H H w\ ( 

100) p , (110) p , (111) v> <D^-ftifr\'D'X:&Z>Z.t*mkt't 
SEP I R^T-o 
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jHlfSffcOE P I R^T-o 

[litis] BuffiT^m^ii^, stiaotML/^t^itt^ 
tt&v t <d m\z , m^-<7) R(& * i»ih-t & / * >; r ^ £ Mm l ^ t * t -r & m 
6o%m±co (ill) &fa*mirzztz!ftWt£-rz>ffii£mi-6<7>\<*-rtLfr 

KfBfcOE P I RUT-o 

[If ^ 8 ] HUlSTg|5#«m«il^^HME^f6]^|gB H H ^i<7)^iJ^\ 

9o%m±<a (ill) EiRii^r-r&ifci^at-r&w^.i -6ov>w 
ctem^E p i ri^o 

[if 9 ] m&cMR&%mmm<7>j&&%L<n 6 o %j£julj&», mrier^ 
mmmm<^mummw.yj^]^^ii.^mmLtz (m) M^ftOTti-^^ 

JW&SJKLbKJiJ^rWfcifc? * U (10 0) p , (110) p , ( 

111) p OV»f ii^ l o^fi|p|«:tt* ^ t S-tat tSIS^ 1 -8m»f 
*L7HcfEa<7>E P I R*T-o 

i o ] mucu r mmmm <m&&%l<o 8 o %j^±^, HtrisT^ 
^mmmm^mmmmmiim^gh^mmmLfz a id mzmmm t-rz 
&mmM } n±^m?m^^\£?*^^)i<j&mL, aoo) p , (no) p , 

(111) p <D\,*1?tlfrl^<D&ft&ttZZ£Z!^£TZffi&&l-S<D\<* 

[SMfcgi l] If^i ~ l ow-ftifriztiMoE P I Rft?-£#irc: 
[0 0 0 1] 
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[0 0 0 2] 

[W*M] 

^-t7.^^'JNVRAM (Nonvolat i le Random Access Memory) t It, F e R 
AM (Ferro-electric RAM) , MR AM (Magnetic RAM) , OUM (Ovonic Uni 
fied Memory) & Zr^J Xffi&mmZ K-Xte 0 , flitttBffc, SHSK 

[0 0 0 3] 

L^U mMM%:iJim<D**i) , \,*t>ty&3--/*— Kl±, SRAM 
[0 0 0 4] 

(1) F e R AM-^1:»M t#0|MISKSt^flJffl l?t^<OT^ i) , 

mmmjj, mmm\ttmkt~$-z> 0 mzmmitztix^2>i><D<D, mm&, -t 

(2) MRAM-gM^S^if (GMR ; Giant Magneto-resistance) Srfljffl 
Ltz%><DXhZ> 0 m&& V y^^^k^it, Fe, Co, N i fc^fcfc* 2 

o(7)?Mt4#e^, a 1 2 o 3 x&mtbxw^ite&mi v y^^mMm)x 

o 

(3) OUM-Ai^yt^f FttPMil^^-^i: U:^'Jt*^o 

nmm\^mxmmm%^ o 

[0 0 0 5] 
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&^JSf§1£ ^V^T^-t^^^'JtLt, t^-7.h >±^<D Shangquing 
Liu^> Alex Ignatiev h Ci o Tl&W $ iXtzWiH^ > T 5 -fe* ^ 'J (Re 
si stance RAM, JiiT TRRAMJ <hv^) /6 ? &<2>o -ORRAMfi, nnfjl ( 
l8£C*Ktfi3&* (Colossal Magneto-resistance I CMR) *&-j-&WftlZt5 
v » X mm K JL Ztltz X&2> * m^WX (E l ec t r i ca 1 -Pu 1 se-Induc 

ed Resistance) (J^T rE P I R?MJ t^o) £fUffi LtzmX? > ? A 

Tn^^^'Jf^XT^^ 1, ^#^^2#HS 

) o fcfc, J^TO^tli, nn-^;v (gg^:) «K$C«fitS»*, 
fc\Z&hKl^^^mfe-^&W&.&MM& (Fie Id- induced ant i -ferromagnetic 
insulator to ferromagnetic metal transition) ^M.\Z X o T#HH\Ht tl-5> 

o^-ft^. CMRlffi^it^o EP I RftjkZmmLtzm**. EP 

1 Rf^ttit^o 

[0 0 0 6] 

w=sr<>o-e*>), ±&Ltz£7i,z^ mmm&iz£&&m&&&mfc-&m&&m 
^mm^zmMLtzWcm^zi.R^mmm^mmmmt^-ro l^u hp 

-) H«gtt4o itz. ±.mLfzMR AMtfflffi., CMRM^l 0 0%t:fi 

v^x tf >M^«rfijffl LtzQATX7m&<Dffimmx<Dmtt~%ife£-f2>m% v 

[0 0 0 7] 

—2r, E P I R^i*lr^ri-^CMR#f|-t Ltii, 3 d*£&JR7C3RS: I t , 'frfc 
t^ifAffi^^7 h7-^S:S*t L/:^ny^*>f Mftii£*1-& & co, 
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JMfcWKIi, Pr i_ x Ca x Mn0 3 (&T TP CMOJ t^o) , L a i _ 
x Ca x Mn03, L a i - x S r x M n O 3 , Gdo. 7 Ca 0. 3 Ba Co 
2 0 5 + 5^mifi!)W*^o -ti^Od x = 0. 3#S<7)«^^ 
o P C M O ^ft i> & W£fcL«lti|>I <b £ *IT v>£ 0 
[0 0 0 8] 

C (D^M^M^ Lf:RR AMIi, 'ty'&jg b Liv^jfc, i^LfcMRA 

M4:H£oTra*WM**#T©v> 0 ««Kt, SSfcflMtfc^-C* ^ . & 

$nMit<D V^-f^y 9V> v^M RAM Jt^Tlftg K/£ V> ^fitffi1t**nr 

[0 0 0 93 

i" t^&z\t^n^<v**i)mz*nz>z\ttf-?bz>o it, ^xips, 

eninmffi, ^'Mi^it^: t k £ «k mr AM-et#^tL-cv^^«-ft 

o 

[00103 

tz%x% vi±.<D£nmmmmzi?tfz>mmmt itii, pt, ir, r 

u, Ph, Ag, Au, Al, Ta&^O&JS^, &&W±, CMRMiH 
IItt^YBa2Cu 3 07- x , Ru02, I r02, SrRu03&fc* 
(Dmitri, T a S i N, TIN, T i S i N, Mo N^fOimM^^ffl 
\**hti&&, TStliii> CMRlfJSl^i:^v»T4 0 0*0-6 0 CC^i^S. 
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[0011] 

y b *7 - ^ ^ ^ < si l t i^wttf ^^f o z\<Dtztb, %$gkmm* 

m% L tz ? y y a (D c m r lit (± , -t ^Bfi^^i/h-fb n# o r isi i*i -e 

o#t4^-14^ , n h -c <7) "7° n -fe x nM^f.m^m^tir h 0 ifz, Z<D 

J; & ± n *t l r & sen -t %> &m&$> & o 

[0 0 12] 

i> n , (D^ tf ? * v ;n&;ftij- i.cm r f£H ^*^i^fS] k is it & ^HiijoK 

[0 0 13] 

imttm. i ] 
#@#sh&.6, 2 0 4, 13 

[#lt»2] 

#P¥ 1 0 - 2 6 1 2 9 1 

#F?i¥ 1 0 - 2 5 5 4 8 1 -^<2rfg 

immxm 1 ] 

Applied Physics Letter, 76, 2749-2751 (2000), "Electrical-pulse-in 
duced reversible resistance effect in magneto-resistive films," 

Bll-r^ ^nT-V^vf^2003^, 1^, pp. 72-83 
[0 0 14] 
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mmtmfe lx^ t-tz mm] 

[0 0 15] 

fi, E P I R#t4<7)|o]-h, *«I*lT(0#14^-'tt<7)5^#, n y hmx<D7°u*: 

xftm±<vimzm^fzEP i r i^s^^t* ; t -e*-s 0 

[0 0 16] 

mm * m-dk-t ztz&vy^m 
mm mtxmm z ti tzmm * m-r & e p i r m?x~ &^x, cMRttut t&^-g 

[0 0 17] 

(p]<7)IS H B H ^fi^^iJ^ (111) aS|p]£WU lfflfSCMR#^SIg«OigJM&0 
#<^\ HulST^#^m^«<7) (111) M^ft^®<!:i-^^lt B H B fi±^^PJf 

[0 0 183 

ffiri 5 \ (100) p, (110) p, (111) p tf>v>i**ij&>lo-cafe<5£fc* 

tittle 

[0 0 193 
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«toT#rfBTSB«ffiS«:^-t*t^(>H, 15ET«R^JKmS»<^^<5& t (111 

(111) mzM^m k^&£m&ik%L±^mm&)^x-^ v-y^j&s u m 

^ B B H ®/6\ (ioo) p , (lio) p , (ill) poiwio-e*^: 

[0 0 2 03 
[0 0 2 1 3 

CMO*ii^Hi-*ftimtca6^< ^f*a„ P t ^ B B B ?f IR»±, IS 

B B B I(111) K*frLT»v*E|fi]tt«:fc*> (BElPlfcf±S«BSli:^(Pl<^M^^ 
<7)g?iJ£v^ 0 JSITHC) , *o^d^H h MM n t^WAYM t ^H^IS cH4:# ? 
m^o -Oi^^P t #|£ B B B |f§li:^ ^urxjjj MMn^iffl^-ot 
**PCM05»BIS:J££$-£&*S\ ^«JS, U&tfrEE, J&$li§Jt, fct^E 

*i± £»Brto K-x t° ? 4r v * n/jfftS L , iSSSBft'ftO P C M O »JH^ «b 0 
[0 0 2 23 

Jt&LfcPCMO*Ktf>RfaiBld\ #-OfS B B 0 MK|5j|7E£^& 4> OTMi 

^^i§ b h h m^^o 0 mmzm^^-r&tztb, tw H H H ^i>pcMot 
fi-ois B B B w^oyx^f fltafi j-- * h iz nfc-r z> mtt B H B <^ & l > m 

jL^ B B B -ecO|g H B B M^1H:WH TpJ SrffrLT (hk 1) ptmULtzm^ (h, 
k, 1 fig&) . j£R&f*&»:iMSEl-.&£fcfcJ: 0, (111) p, (110 

) p, (ioo) p oi§B B B ttsefoi^^o^co^ii^^^ftnifg-e^)^o -etr 



2004-3009337 



2 0 0 3 - 0 6 0 9 6 5 ^- v : 9/ 

[0 0 2 3] 

PCMO (Mta p = 0. 3 8 5 nm) tPt (*&T-^|&a = 0. 3 92 
nm) tOf&T^^{i^2%£5gT*£v^\ fSiSW C ^ ^t^j^ < , +55* 
t:xt^+yt ^ftf & oTit£14^& <?> 0 ^ tf * ^ ~> -v ^^S^#<7)|g * 
^t>#iJB!rf & (ill) BEifijOP tlt H B H fi±tc(±, l&^^tto**^* 
(111) p ffiI^PCMO»IR***<>^*wJie^^'>^;uja«i--5totfllSI 

j: Y) (iio) p @ef6]^ (ioo) piS[S]^PCMO?imig H H B 3ia^«L. zti 

frf&.&ffl&im't&o Wx.tf, (110) ptii, Pt (ill) [11-2] 
[1-10] //PCMO (110) p [1-10] p [001] pW^fiHi 
SrtoCt^ m^1-£|ffllMl*]<7)TEMiI#U »l»B$tLtv»4o 
[0 0 2 4] 

> P t -PCM0#M(0J:^^^-^^>14^l:t?o^ H B H #®-e{±, fi&o^ 
ftilJ£rt s W<b*t&o -^r, TTOP tllfll^ *«ao*#T-Cti (1 1 

i) Ei^t (ioo) &mv>m&tti>mt>ti*"f\<^ itmmm^^mm^m. 
miz&^xwtmzmx-t&t. (ioo fc&Eifijp tiiin<b^ :w 

(IP ttlllCi *)&fc1tLfz (10 0) p E|pIPCMO»IR«:^*i-*ifc 
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&mzx&2> 0 

[0 0 2 5] 

&£P t^lSelifJSIl 0±CMl/:PCMOII2 0O«Wfl^H^$tL 

Tv^ 0 p t g-m^nm i o f±, tt^cop t isb h b *s i o a, iob, ioc, • 

• *^A,X^2>j)K ^rtihcoo %(D 7 0%W±, L < (i 9 0 %J^±coS^® 
M^ftO^B^few^W (111) Sd|p]£;pr1-&o (111) S£f6]*^i-^ 

PtffilOA, 10B, IOC, • • <0^ftM±tCfi N mt<DP CMOfS 
B B H fP2 0A ( 2 OB, 2 0C, • • ^ft^tU^lftW k: ? * v ^ ^J&ft L 

, ^fth^mt^Kmrnm.^ b^map cmo^ h h h *12 o Ba, 2 0 b b 

, 20Bc, 20Bd, • • • KX 0#^^tiTv^ o 20Ba, 20Bb, 2 

0 B c , 2 0 B d • • • (i^-TfrlBj-O (111) (CgSfS] L^fe^P t f£ B B B*£ 

1 0 BlCx^^yt^iftL, ^-ti^co^ t,^6 0%J^±. $flL<(i8 0 
%JSJL_t** (10 0) p , (110) p , (111) p , ^-ftt^ 1 oco@£[pI^^- 
L> CMRI112 0^#£ LT& 6 0%J^±, ftfi L< (±8 0 %&±tf ( 1 0 

o) p , (iio) p , (in) p , ^-rtifri ^(Dmmzm-f&o ( 

111) Kf6]«r*i-^P tl&B B H fi2 0B±<7)tt^tPCMOItB B B*i2 0B a, 2 0 
Bb, 2 0Bc, 2 0Bd- • • (i|sj— <7)@£[6] %mir& i> <DX&-o X L & 

®rt<7)^{2:i±|Ef]--C{i&< , ti(0#^^ B B H ^MMi^ 0Ox.(i\ C 
MR mmm 2 0 (110) v<OUfi\ £ & o £ <h x |§ b h b*£ 2 0 B a £: 2 

0 B c (i|WJ C (10 0) Bfift (£Wb h b <b Lt^)^ m^Llj^Xli ( 1 1 0 ) p 

) %^ir&tf^ti^ftim[*\<D3jii.xfr& coio] (Dz-tmitmi 2 o° x$>*) 
, (1 1 2) aeipj oss^fifc Lt^i^ M^B B B-e{± (110) P ) ^^-t-^ 

#£b b b&2 0 B b t 2 0 B d 12 0° ®$Z LtzTMi^ ta o X v>£ <h * 

[0 0 2 6 J 

CMRtt^LTIi, ^ilf, Pri- x Ca x Mn03 (PCMO), Pr 
l- x (Ca, Sr) x Mn03, Nd o. 5SrQ. 5M11O3, Lai- X 
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Ca x Mn03, L a i - x S r x M n O 3 , G d 0 . 7Ca 0 . 3 BaCo 2 

o $ + $ % t*%c& < sahtix^&t^ $pbep i Rmj-^m^bti&mA-t 
£ mffi&mwm <r>tz*><n wffimzm £ L^t^pcMo^ mim x* $> 0 p 

CMO^<W£|-li> X ^)±^^E P 1 R^m^u M^^^sti^i^mw^ 

[0 0 2 73 

$Htt££&oPt (^^a = 0. 3 9 2 3 nm), Ir a = 0 . 

3839nm) , Rh (^la = 0. 3803nm) , Pd (^^ifc a = 
0. 3 8 9 nm) tcftic£ *l£ Sffe^H^, A u (^ta = 0. 40 
7 9nm) ^r#tf*^«OW, &av>{±*&JSfflO£-£, MKii^ft 

[0 0 2 83 

sb, ±mLtzn^mjtm^m^.^fiir, Al, Cu, Mi, Ti, Ta^i:M 

[00293 

v>o E P I R|T?-£^'J t LTj£ffl1-&ii£\ Vi> L < fi h 

9 > v * * £ & v ^ s *> ti & fiK -e tt h co * m -mm. ± k ^ 

[0 0 3 03 

r^mmrn trm&mm tcom^, Kfcffi±Rv*mmm£wcofzfr<D^ 

U 7#*«&#3SKJfcCT»:i^A-rSo Pt-Si Btli, CMRI 

2»mi4 • 7t££^1-£ Ti, TIN, T i 1 _ x A 1 x N, TaN, TiS 
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i N, TaSiN^i'^ > U 3 ViStTilSlIi OHi:^'J T/f t LTif 

&*>^A,itri£T i i N(a-&^*u 7Ji£igffi-r£-<b &t*£&t& ? 

. SMfcKJ:*iraa s &£fcv*BMfc!»T i O x , I r O 2 * ^^'j 7/g LTffl 
[0 0 3 1 ] 

[0 0 3 2] 

, MBEfe MOCVD^if, #«O^O^ft«rafflf & - £ 

i&JfcJg 1/ - h t^iS ffiJS<7>J&Il^ ^ - ^ ftfiJ W<i£S t * & - 1 tfh Z> o c: 0 if 

[0 0 3 33 

<nnifmi > • • • it, ^hwo^m^i tcov^r, ei£#b3l&^ 

Silts. <r<ow±> EPiRffowtiio EI2£f±, fwfiiji^s 

tltv^o ^ICU^t, **JK % 1 OOnrnfOS i O 2l^±S^I^^^ 
f:T*l«t LTOS i 0 *fflttl>o S i 3frK3 0<DS i O 2® 

[0 0 3 43 

•&K> m±0 J;T^Si02i32, Ti 0 2 13 4 ZJ&l&Ltz S i 3 0 
=Sr 4 0 OtJfcJnl&U 1 0 0 % A r tC «fc £ * j*KJ: »} , 2 5 0 nm«Olp^ 

£ & o^^m® £ LTP t TSB«ffi* 3 6 ^fit-So 
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[0 0 3 5] 

:<7)PtTlS|51Ii3 6i:ov^XRD (X*HIIUr««) IWTEM (it 
^i^ti^^^fo^hd^, ge@er&]t4^ft^#iiM (l l l 

^!£ H H H *i<7)&;j3i:-?-9 5%m±^ (111) g£[p]LTv^^ fc**«t© Ztitzo tz 

tzL, z tt h^^j-m izm^<Dm^m^ammt & < , p t tsb««s 3 

[0 0 3 6] 

M^T, PtTMIi3 6±C, CMRHihLt (Pr 0 . 7Ca 0 . 
3) M n 0 3 (Dmmm (PCMOIl^) 3 8£, U-f77^-y 3 «J: 
t)Mt-5o Jilft^ti, 2 0 0mTorrWO 2 W, *«Jt6 0 0°C, 
j£Jgli$£8 nm/^t\ 0 0 n m 5 vmffitfiizzz. tf * v * ;H££$-£ 

[0 0 3 7] 

dO&mc«fc l9^t7tPCMO^M^3 8©XRD7'n77^v^t^ 
B13 (A)H^i-J: ^ ^X^IUiffO^^^^^tL^o «^(i2^, iefiij 

fi^Jt-e^^o IsJEHc^-r «t d P CM0?f§|Ji3 8<D (110) p®$ffcf- 
^PAlt, P ITI5SS13 6^ (111) mtif^-^ P A2«B£tct||l2 

[0 0 3 8] 

IH 3 (B)Kli, P tT«13 6 t PCMO?Slg&g3 8 (Oil^WilT 
EMft^^tiTv^ 0 [WlglH^i- i tc, PtTHSlI13 6±Cli, (10 
0) EIrJPCMO F^-f>DAl^> (112) KfpJPCMO K^^>DA2^ 
ffM^tiT^&o itL<b (10 0) BEffiJ^ 5 (112) ElfiJWU M3:^ B H B co 

(110) p I£[6]tc«-r^o 
[0 0 3 9] 

I4(A)CI±, PCMOfIi3 8(7)gfflTEMt^^*ltv^ 0 2*:, (ej 

du, PCMOitm^3 8f±. ^•m<7)^ H 3 H *i^^•^-ev^ 0 ±&L£ (100) 
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@£[p]PCMO K*>f > D A 1 (i. ( 1 1 0) p [= ( 1 0 0) ] SSftPCMOtt 
^ B B H fiRA 1 Hffl^U (112) Se^JPCMO K>>f>DA2li (1 1 0) 
p [= (112)] KIS] P C MOTOiti R A 2 Cffil t ^ o Z<DMX 
fi, flttc (111) p @£f^PCMOtt^ B s H liRB 1 kftfe'tho 
[0 0 4 03 

0 5Hli, lo<7)P t £Z 0± Lfcfitl 2 0-3 0 nm<7)*lik<7) 

pcMO*±;imf H *i£^tr^<^^ i^Hfp, Afli-c 

HA/t^-fiaw*^;' b s p i t± (ill) beirjop t Tgpmsn 3 6 <^m$ff^ 

tfyW$>1). ZtlVkft (*P$:(D±&%:&*m<) <D®ffi * # ? h S P 2 it (1 
10) p»PCMOIi!3 8<0®$fXtfy YXhh 0 -*L<bPtT^m^ 

S3 es^pcMoiiis %<Dmv\*#v hfi t ^-rtii>nw^wim2tir^2> 

o 

[0 0 4 1 ] 

i i) ssfpiop t«rae±»w, ab^#^o^ H H H ^e^fiK#^^o-cjjg;ft, 

^^xe^^ytiVilLtv^ItMHti^o C(7)<h #<7)P CMO 

»m«3 8<7>BBiRH*{i, (i io) pBerfij-c^o, sef6jjt(±9 3%-e*ofeo 

[0 0 4 23 

OnmWP t±^lt!4 0^^^^"7X^CJ:t)Mt^ o ItlCit), Sfe 
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